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[57] ABSTRACT

The present invention provides an output level control
circuit for a transmitter of an automobile telephone system
which can output a transmission output signal of an output
level indicated by a level setting signal with a high degree
of accuracy. First and second level control circuits function
for a low-level side and a high-level side, respectively, of the
detection output of a detection circuit and perform weighting
such that the outputs vary with linearity relative to the output
signal of the amplifier. A control signal generation circuit
causes a selection circuit to select a first or second error
signal of a first or second comparison circuit, respectively.
The first and second comparison circuits receive the output
of the first or second level control circuit, respectively, and

these control circuits process the detection output corre-
sponding to the output level of the output signal of the
amplifier indicated by a level setting signal. An amplifier
control circuit supplies the amplifier with a level control
voltage in response to the first or second error signal output
selected by the selection circuit and controls the amplifier so

that the amplifier may output an output signal of the output
level indicated by the level setting signal.
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s P—

/

AMPLIFIER I——‘ COUPLER —f
1 G4 SR 12
' AMPLIFIER
DETECTION
CONTROL 3
CIRCUIT M
——~SD
' 5
N e | ¢
FIRST LEVEL SECOND LEVEL
CONTROL CONTROL
CIRCUIT CIRCUIT
: WSD
7
FIRST SECOND
COMPARISON RISON
CIRCUIT O
63— 5 . l l G2
\ SELECTION
7 CIRCUIT
S2—"
10
13 | | - 8
CONTROL SIGNAL /
GENERATION CIRCUIT
SO




U.S. Patent Oct. 17, 1995 Sheet 1 of 6 5,459,426

Prior Art
31
C -~ AMPLIFIER —  COUPLER O
' ‘ 32
SR
AMPLIFIER
DETECTION
CONTRQL CIRCUIT
29
LEVEL CONTROL | 2
CRCUIT
WSD
G11 .
COMPARISON 25
CIRCUIT

S10 30

. CONTROL SIGNAL
GENERATION CIRCUIT

3 ST



U.S. Patent Oct. 17, 1995 Sheet 2 of 6 5.459.426
b y/

F1G.2

Prior Art

SD




U.S. Patent Oct. 17, 1995 Sheet 3 of 6 5,459,426

F1G.3

Prior Art

SD

SR




U.S. Patent Oct. 17, 1995 Sheet 4 of 6 5,459,426

S5 ] 2 SQ
o-l» AMPLIFIER COUPLER C
N Gé SR 12
AMPLIFER
DETECTION
gRoL CIRCUIT 3
_ SD
- 4 6
FIRST LEVEL | | SECOND LEVEL |
CONTROL CONTROL
CIRCUIT CIRCUIT
- WSD1 WSD;
 FIRST . SECOND /
. COMPARISON
. Cireur | | COMPERISON
G3 ' - Gz
' SELECTION
CIRCUIT |
S?
8

13 10
A CONTROL SIGNAL
GENERATION CIRCUIT
SO



U.S. Patent Oct. 17, 1995 Sheet 5 of 6 5,459,426

FI1G.5
DJ ———
WSD? |
DH—————————/ f——— I
' o
|
l = /’/ ;
| /<
st1 o D
_ # WSD+ | /
/ /
o™ Y
DL '/"/ [

RH SR



U.S. Patent Oct. 17, 1995 Sheet 6 of 6 5,459,426

F1G.6

WSD,

DH—— ———————

Al -al—l— e




3,459,426

1

OUTPUT LEVEL CONTROL CIRCUIT FOR
SETTING TRANSMISSION OUTPUT TO
DESIRED LEVEL

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to an output level control circuit for
controlling the output level of an amplifier or a like circuit,
and more particularly to an output level control circuit which
varies the output level of a transmitter of an automobiie
telephone system or a like system over a wide dynamic
range.

2. Description of the Related Art

FIG. 1 1s a block diagram showing an example of a
conventional output level control circuit of the type men-
tioned. The output level control circuit shown includes
amplifier 21, coupler 22, detection circuit 23, level control
circuit 24, comparison circuit 25, amplifier control circuit 29
and control signal generation circuit 30. Amplifier 21 ampli-
fies a signal SS inputted thereto from input terminal 31 and

outputs amplification output SQ through output ternnnal 32.
Coupler 22 outputs coupler output SR which increases in
proportion to the amplification output level in accordance
with a fixed coupling amount relative to amplification output
SQ. Coupler output SR of coupler 22 is detected by detec-
tion circuit 23, and detection output SD of detection circuit
23 is weighted by level control circuit 24 and outputted as
weighted detection output WSD.

Control signal generation circuit 30 receives setting signal
510 for the level of output SQ from a control section (not
shown) through control terminal 33 and generates and
supplies reference level S11 in accordance with setting
signal S10 to comparison circuit 25. Comparison circuit 25
compares output WSD of level control circuit 24 and ref-
erence level S11 to generate error signal G11 and supplies
error signal G11 to amplifier control circuit 29. Amplifier
control circuit 29 generates control voltage G12 in accor-
dance with error signal G11 in order to adjust the output
level of amplifier 21 to the level indicated by setting signal
510. A closed loop is formed to control the output level of
amplification output SQ in this manner.

In an automobile telephone system or a like system, the
transmission output to be sent from a base station must be
continuously varied to an optimum level as an automobile
telephone moves. The level of the transmission output must
be varied over a wide range. In this instance, the conven-
tional output level control circuit is disadvantageous in that
it is not easy to obtain the output of the amplifier with a high
degree of accuracy at the upper limit or the lower limit of the
level of output SQ because of the non-linearity of the
characteristics of the detection circuit.

To describe this disadvantage in more detail, detection
output SD of detection circuit 23 does not increase in
proportion to coupler output SR from coupler 22, and the
characteristic between outputs SD and SR is consequently
Indicated by a non-linear characteristic curve as shown in
FIG. 2. Particularly within the range (between RL and RM
in FIG. 2) of the level of output SR below boundary level
RM, that 1s, on the low-level side, the characteristic curve
becomes nearly horizontal. Since the characteristic curve of
FIG. 2 can generally be represented as two linear lines
shown in FIG. 3, the following description proceeds with
reference to FIG. 3 for a simplified description.

In order to cause detection output SD (the line SD is
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composed of lines SD; and SD, in FIG. 3) to increase in
proportion to output SR as far as possible within the overall
range (RL to RH) of output SR in the characteristic indicated
in FIG. 3, level control circuit 24 must, for example, raise
the amplification factor (gain) on the low-level side of
output SR. However, level control circuit 24 of the conven-
tional output level control circuit of FIG. 1 is defective in
this regard since it applies the same weighting to output SR
over the entire range of the output level. For example, if the
inclination of the linear line (SD,) on the low-level side of
output SR 1is increased with the intention of bringing the
low-level side of output SR close to its ideal condition by
increasing the amplification factor, the inclination of the
high-level side (RM to RH) of output SR above the bound-
ary level also increases, thereby distancing the output SD,
on the high-level side of output SR from its ideal condition.
In contrast, if the inclination of the linear line on the
high-level side of output SR is decreased with the intention
of bringing the high-level side close to its ideal condition,
the inclination of the linear line on the low-level side
decreases, thereby distancing the output SD, on the low-
level side of output SR from its ideal condition.

Accordingly, 1t 1s difficult to allow output SD to approach

1ts ideal condition within the overall range of output SR, and

the control of output SD corresponding to output SR remains
a compromised weighting control. Meanwhile, according to
another conventional method, it seems possible to provide
level control circuit 34 with an input-output table in the form
of ROM or a like element so as to ensure linearity. However,
this method requires an expensive device such as ROM and
is therefore not desirable for reasons of cost.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an output
level control circuit wherein the non-linearity between out-
put SR, which increases in proportion to output SQ, and
output SD can be reduced by simple means.

In order to attain the object described above, according to
the present invention, there is provided an output level
control circuit for a transmitter which inputs an input signal
and a level setting signal which indicates a transmission
output level, amplifies the input signal to a transmission
output level indicated by the level setting signal and outputs
the signal of the transmission output level as a transmission
output signal, the output level control circuit comprising: an
amplifier for amplifying the input signal while varying the
output level of the output signal in response {0 a level control
voitage; a coupler for extracting a coupler output from the
output signal of the amplifier in accordance with a fixed
coupling amount; a detection circuit for detecting the cou-
pler output and outputting a detection output; a first level
control circuit for weighting the level of the detection output
of the detection circuit so that the detection output may keep,
when the detection output is at a predetermined boundary
level or on the low-level side below the boundary level, a
linearity wherein the detection output increases in propor-
tion 1o the variation of the level of the output signal of the
amplifier; a second level control circuit for weighting the
level of the detection output of the detection circuit so that
when the detection output is on the high-level side above the
boundary level, the detection output may keep a linearity
wherein the detection output increases in proportion to the

variation of the level of the output signal of the amplifier; a

first comparison circuit for comparing the output level of the
first level control circuit with a first reference level to

generate a first error signal; a second comparison circuit for
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comparing the output level of the second level control circuit
with a second reference level to generate a second error
signal; a selection circuit for selectively outputting the first
error signal of the first comparison circuit or the second error
signal of the second comparison circuit in accordance with
a selection signal; a control signal generation circuit for
supplying the first and second reference levels to the first and
second comparison circuits, respectively, so that the trans-
mission output level may coincide with the indication of the
level setting signal, outputting the selection signal indicating
that the first error signal of the first comparison circuit
should be selected when the transmission output level indi-
cated by the level setting signal corresponds to the low-level
side with respect to the boundary level, but outputting the
selection signal indicating that the second error signal of the
second comparison circuit should be selected when the
transmission output level corresponds to the high-level side
with respect to the boundary level, and supplying the thus-
outputted selection signal to the selection circuit; and an
amplifier control circuit for supplying the level control
voltage in response to the first or second error signal selected
by the selection circuit to the ampilifier.

Preferably, in carrying out weighting, the amplification
factor of the first level control circuit is increased so as to
approximate the amplification factor of the second level
control circuit, and the output of the second level control
circuit 18 provided with an offset so that the variation of the
output of the second level control circuit has continuity with
the variation of the output of the first level control circuit.

Preferably, in carrying out weighting, the amplification
factor of the first level control circuit is increased so as to
approximate a desired amplification factor while the ampli-
fication factor of the second level control circuit is decreased
SO as to approximate the desired amplification factor, and the
output of the second level control circuit is provided with an
offset so that the variation of the output of the second level
control circuit has continuity with the variation of the output
of the first level control circuit.

Preferably, the control signal generation circuit outputs
the first reference level to the first comparison circuit when
the transmission output level indicated by the level setting
signal corresponds to the low-level side with respect to the
boundary level, but outputs the second reference level to the
second comparnson circuit when the transmission output
level indicated by the level setting signal corresponds to the
high-level side with respect to the boundary level. Under
certain circumstances, the first and second reference levels
preferably have an equal level corresponding to the indica-
tion of the level setting signal and are outputted simulta-
neously to the first and second comparison circuits.

In this manner, the first and second level control circuits
function for the low-level side and the high-level side,
respectively, of the detection output of the detection circuit
and perform weighting so that the outputs thereof may vary
with a linearity relative to the output signal of the amplifier.
The control signal generation circuit causes the selection
circuit to select the error signal of the first comparison circuit
or the second comparison circuit which receives the output
of the first or second level control circuit, respectively. The
first or second level control circuit processes the detection
output corresponding to the output level of the output signal
of the amplifier indicated by the level setting signal. The
amplifier control circuit supplies the amplifier with a level
control voltage in response to the first or second error signal
output selected by the selection circuit and controls the
amplifier so that the amplifier may output an output signal of
the output level indicated by the level setting signal.
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The above and other objects, features, and advantages of
the present invention will become apparent from the fol-
lowing description referring to the accompanying drawings
which illustrate an example of a preferred embodiment of
the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing an example of a
conventional output level control circuit;

FIG. 2 1s a graph illustrating the characteristic of the
conventional detection circuit of FIG. 1;

FI1G. 3 1s a graph showing a simplified form of the graph
of FIG. 2;

FIG. 4 is a block diagram showing an embodiment of an
output level control circuit of the present invention;

FIG. 5 1s a graph illustrating operation of a concrete

example of first and second ievel control circuits of the
embodiment of FIG. 4; and

FIG. 6 1s a graph 1llustrating operation of another example
of the first and second level control circuits of the embodi-
ment of FIG. 4.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

An embodiment of the present invention is described
below with reference to the drawings. The embodiment of
FIG. 4 1s an output level control circuit for a transmitter of
an automobile telephone system and includes amplifier 1,
coupler 2, detection circuit 3, first level and second level
control circuits 4 and 6, first and second comparison circuits

S and 7, selection circuit 8, amplifier control circuit 9 and
contro] signal generation circuit 10.

Amplifier 1 amplifies an input signal from input terminal
11 and outputs an output signal SQ to coupler 2. Coupler 2
passes output signal SQ to terminal 12, and coupler 2 also
outputs to detection circuit 3 a coupler output which is
extracted from output signal SQ according to a fixed cou-
pling amount (a ratio of output SR to output SQ), and
coupler output SR therefore increases in proportion to the
level of output signal SQ of amplifier 1. Coupler output SR
18 detected by detection circuit 3 (e.g. output SR is rectified
by circuit 3). Detection output SD of detection circuit 3 is

delivered to first level control circuit 4 and second level
control circuit 6.

First level control circuit 4 functions for a range up to and
including a predetermined boundary level (low-level side) of
the range of the level of coupler output SR and weights the
level of detection output SD so that the weighted detection
output WSDP; may have an improved linearity which
increases in proportion to the variation of the level of
coupler output SR (or the output signal of amplifier 1).
Second level control circuit 6 functions for the remaining
range of the level of coupler output SR which is higher than
the boundary level (high-level side) and weights the level of
detection output SD so that the weighted detection output
WSD, may have an improved linearity which increases in
proportion to the variation of the level of coupler output SR
(or output signal SQ of amplifier 1).

Control signal generation circuit 10 receives setting signal
S0 (setting signal SO indicates the level of output signal SQ
of amplifier 1) from a control section (not shown) through
control terminal 13 and generates and supplies first reference
level S1 and second reference level S2 in accordance with
setting signal SO to first comparison circuit 5 and second
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comparison circuit 7, respectively. Further, control signal
generation circuit 10 generates and supplies selection signal
33 to selection circuit 8 for selection of the output of first

comparison circuit S or second comparison circuit 7. Selec-
tion signal S3 causes selection circuit 8 to select the output
of first comparison circuit 5 when signal S0 indicates the
low-level side of output signal SQ or to select the output of
second comparison circuit 7 when signal S0 indicates the
high-level side of output signal SQ.

First comparison circuit 5 compares the output of first
level control circuit 4 and first reference level S1 with each
other to generate first error signal G1 and supplies first error
signal G1 to selection circuit 8. Second comparison circuit
7 compares the output of second level control circuit 6 and
second reference level S2 with each other to generate second
error signal G2 and supplies second error signal G2 to
selection circuit 8.

Selection circuit 8 selects one of first error signal G1 and
second error signal G2 in accordance with selection signal
53 from control signal generation circuit 10 and supplies the
selected error signal as error signal G3 to amplifier control
circuit 9. Amplifier control circuit 9 generates control volt-
age (G4 1in response to error signal G3 to control the output
level of amplifier 1. By forming the above-described closed
loop, the output level can be controlled over a wide dynamic
range so that output signal SQ keeps the level designated by
setting signal S0.

Since selection circuit 8 described above selects only one
of first and second error signals G1 and G2 from the first and
second comparison circuits in response to selection signal
53, first and second reference levels S1 and S2 may have an
equal level corresponding to setting signal SO. Naturally,
first and second reference levels S1 and S2 need not be
outputted simultaneously, and only one of them may be
outputted corresponding to setting signal S0.

The embodiment described above is described in more
detail below in comparison with the characteristic of the
conventional example of FIG. 1 illustrated in FIG. 3.

In order to cause output SD to vary linearly over the
overall range (RL to RH) of the level of output SR in FIG.
3, such a countermeasure as seen for example in FIG. 5 may
be employed. In particular, the inclination of the linear line
on the low-level side within the range (LR to RM) within
which the level of output SR is equal to or lower than
boundary level RM is made equal to the inclination of the
linear line on the high-level side within the range (RM to
RH) within which the level of output SR is higher than
boundary level RM. This is performed by raising the ampli-
fication factor or gain of first level control circuit 4. Further,
the linear line on the high-level side of coupler output SR is
displaced upwardly by offset ST1 to ensure continuity with
the variation on the low-level side. This allows desired
welghting and allows realization of the desired condition
indicated by solid line WSD in FIG. 5 (line WSD is
composed of lines WSD,; and WSD,). Accordingly, output
WSD of level control circuits 4, 6 exhibits a linear variation
from level DL to level DJ in accordance with the variation
of coupler output SR, which increases in proportion to
transmussion output SQ. It is preferable that boundary level
RM 1s selected as the value of output SR at which the
characteristic curve of FIG. 2 begins to incline steeply.

Another weighting method different from that illustrated
in FIG. 5 is illustrated in FIG. 6. Here, the inclination of the
linear line on the low-level side of output SR is made equal
to the inclination indicated by the solid line (WSD,) by
raising the amplification factor of first level control circuit 4.
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Further, the inclination of the linear line on the high-level
side of output SR is made equal to the inclination indicated
by the solid line (WSD,) by decreasing the amplification
factor of second level control circuit 6, and the line is further
displaced upwardly by offset ST2. This allows realization of
the desired condition indicated by the solid line whereby

output WD of level control circuits 4, 6 varies linearly from
level DL to level DH.

Since the output voltages of the detection circuits which
correspond to a higher portion and a lower portion of the
dynamic range of the level of output signal SQ are separately
weighted by first and second level control circuits 4, 6,
respectively, to control the output level by way of the
separate closed loops as described above, the present inven-
tion has an advantage in that, even where the output level is
varied over a wide range, the influence of the non-linearity
of detection circuit 3 which arises at the upper and lower
limits of the output level range can be eliminated and the
setting accuracy at each output level can be realized stably
and with a high degree of accuracy.

It 1s to be understood, however, that although the char-
acteristics and advantages of the present invention have been
set forth in the foregoing description, the disclosure is
illustrative only, and changes may be made in the arrange-
ment of the parts within the scope of the appended claims.

What is claimed is:

1. An output level control circuit for a transmitter which
receives an input signal and a level setting signal which
indicates a desired transmission output level, amplifies the
Input signal to a transmission output level indicated by the
level setting signal and outputs a transmission output signal
having the transmission output level, comprising:

an amplifier for amplifying the input signal while varying

the output level of the output signal in response to a
level control voltage;

a coupler for extracting a coupler output from the output
signal of said amplifier in accordance with a fixed
coupling amount;

a detection circuit for detecting the coupler output and
outputting a detection output;

a first level control circuit for weighting a level of the
detection output of said detection circuit so that, when
the detection output corresponds to a low-level side
which is at or below a predetermined boundary level,
the detection output may keep a linearity wherein the
detection output increases in proportion to a variation
of the level of the output signal of said amplifier;

a second level control circuit for weighting the level of the
detection output of said detection circuit so that, when
the detection output corresponds to a high-level side
which is higher than the boundary level, the detection
output may keep a linearity wherein the detection
output increases in proportion to a variation of the level
of the output signal of said amplifier;

a first comparison circuit for comparing an output level of
said first level control circuit with a first reference level
to generate a first error signal;

a second comparison circuit for comparing an output level
of said second level control circuit with a second
reference level to generate a second error signal;

a selection circuit for selectively outputting the first error
signal of said first comparison circuit or the second

error signal of said second comparison circuit in accor-
dance with a selection signal;

a control signal generation circuit for supplying the first
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and second reference levels to said first and second
comparison circuits, respectively, so that the transmis-
sion output level may coincide with an indication of the
level setting signal, outputting the selection signal
indicating that the first error signal of said first com-
parison circuit should be selected when the transmis-
sion output level indicated by the level setting signal
corresponds to the low-level side with respect to the
boundary level, but outputting the selection signal
indicating that the second error signal of said second
comparison circuit should be selected when the trans-
misston output level corresponds to the high-level side
with respect to the boundary level, and supplying the
thus-outputted selection signal to said selection circuit;
and

an amplifier control circuit for supplying said amplifier
with the level control voltage in response to the first or
second error signal selected by said selection circuit.
2. An output level control circuit as claimed in claim 1,
wherein in carrying out weighting, an amplification factor of
said first level control circuit is increased so as to approxi-
mate an amplification factor of said second level control
circuit, and the output of said second level control circuit is
provided with an offset so that a variation of the output of
sald second level control circuit has continuity with a
variation of the output of said first level control circuit.
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3. An output level control circuit as claimed in claim 1,
wherein in carrying out weighting, an amplification factor of
said first level control circuit is increased so as to approxi-
mate a desired amplification factor while an amplification

factor of said second level control circuit is decreased so as
to approximate the desired amplification factor, and the
output of said second level control circuit is provided with
an offset so that a variation of the output of said second level
control circuit has continuity with a variation of the output
of said first level control circuit.

4. An output level control circuit as claimed in claim 1,
wherein said control signal generation circuit outputs the
first reterence level to said first comparison circuit when the
transmission output level indicated by the level setting
signal corresponds to the low-level side with respect to the
boundary level, but outputs the second reference level to
said second comparison circuit when the transmission output
level indicated by the level setting signal corresponds to the
high-level side with respect to the boundary level.

5. An output level control circuit as claimed in claim 1,
wherein the first and second reference levels have an equal
level corresponding to the indication of the level setting

signal and are outputted simulitaneously to said first and
second comparison circuits.
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